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"- INTRODUCTION

These appendices contain the background environmental data

used in the report, "The Domain of the Ground Effect Machine--The

Determination of Physical and Operating Characteristics of Military

Overland, Amphibious, and Marine.GEMs from World-wide Environ-

mental Criteria." (Volume I)

The tables in these appendiif.cs summarizc, on a world-wide

basis, the features of the natural environment considered most impor-

tant in the design and operation of Ground Effect Machines (GEMs).

Appendix A contains Climatic and Oceanographic Data; Appen-

dix B contains Natural Environment of Continental Areas; and Appen-

dix C contains. Natural Environment of Coastal Areas. Introductory

notes in each appendix discuss the sources of data and explain the make-

up of the tables. The natural environmental references have been

extracted from the Bibliography (Volume I), and repeated in'this volume.

Much of the data in Appendices B and C is from classified sources.

Therefore, Appendices B and C are classified CONFIDENTIAL.
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APPENDIX A

CLIMATIC AND OCEANOGRAPHIC D/•A

This appendix contains world-wide climatic data and references

to the source materials for world-wide oceanographic data. These

data are summarized and discussed in Chapter I of the report (Volume I).

CLIMATIC CLASSIFICATIONS

Thc. first three column headings of Tables A- 1 through A-6 list

zone numbers and climatic classifications. Zone numbers, starting

with 1, have been assigned arbitrarily to all zones on each continent.

* Letter suffixes have been assigned to the coastal portion of zones -with

* large interior areas but not to primarily coastal zones. The Bailey

* Climatic Classification refers to the coastal climatic zones. The

Cri.tchfield ClassifIcation refers to all continental zones, including the

incidental coastal regions.

In his work on the climates of coastal regions, Bailey(2 0 ) has

recognized fourteen types with the character of the vegetation as his

basic indicator. He found that while the correspondence between climatic

zone and vegetation distribution is not always perfect, the.vegetative

l - -



APPENDIX A(2)

cover is the best indicator, yet devised, of the synthesis of all those

factors that. go to produce climate. Dailey's classifications, .criteria,

-n • correspondng vegetative types arc .. nta.inc.. Tablc I of fhc

report (Volumel). The statistical bases for the climatic definitions used

by Bailey are the monthly and annual means of temperature and pre-

cipitation indicated in Table i.

Seven-hundred climatic stations were used to establish 'the zone

boundaries according to detailed criteria which are too vpluminous to

repeat in this appendix. Of these stations, 256 spaced approximately

.five-hundred miles apaýrt were used for determination of the zone

characteristics. Each characteristic was determined by arraying in

ascending numerical order, the data for that element from the stations

in a given climatic type. From the distributions thus obtained, the 25th

*-and 75th percentile points were determined and are given in the table.

Thus, these values describe climatic conditions over approximately

• 50. per cent of the aggregate length of coast line affected by the given

types. These figures are useful for general purposes; however, as

Bailey cautions, there are limitations to their application to specific

problems.

Crithfied3, p. 174)wol
Critchf:el states that his system of describing world

climates is essentially a geographic one. He defines his principal

•-SI

*. .'. -*



APPENDIX A(3)

climatic types in terms of general characteristics of temperature and

precipitation, their seasonal distribution, and the related natural vege-

fýaibn. Although not as detaiitd as other syseten,'Siis systen- agrees

well with those of Koeppen, Thornthwaite, Trewartha, and Bailevy 3,4, 20)

primarily because, as Critchfield points out, a well-ordered system of

chlmates does exist on earth. The characteristics assigned byCritchfield

to his various...classifications, given in. Table 2, (Volume I). are not

* nearly as detailed as those given by Bailey. The correspondence between

the two systems is readily ascertained by a reference to columns 2 and

3 in the tables of this appendix.

SOURCES OF DATA

The ultimate sources of all climatic data are the weather observations

made many times, daily at thousands of points over the world and trans-

*. : mitted over regional and world-wide communications networks for all to ,

use. Statistically summarired over an extended period, these observations

become the data which describe the climatic characteristics of each obser-

* vation point. By summarizing the climatic data over a region' the climate

*..of the region is described. Most countries publish climatic data for

J. representative points within their boundaries.

The tremendous volume of climatic data and the large number of

. original sources in which they are contained has made it desirable to

L f " i . " ... ....



APPENDIX A(4)

summarize or tabulate them in one set of tables. This task has been

accomplished by the Climatological Section, Air Weather Service,

-U-S.-S-Air Force, the U.S. Weather Bureau, .theoaval Weather Scrvccc.

and the Hydrographic Office. The data presented here are sum-

marized from these tables with supplemental help from a few additional

sources. (See Bibliography.)

METHODS OF SUMMARIZ" NG THE DATA

Time did not permit, and the ,)robable small improvement in

* accuracy attainable did not justify, the use of all the data from each

zone for determination of its climatic characteristics. Instead, a

* sampling procedure was used in which a few equally spaced stations

.* were chosen, and the characteristic zone values of the selected para-

meters were determined from their data. In the cases of a few very

short coastal zones or very small interior zones, only one station

was available as the sarmple. Five to fifteen stations were used in

most zones, while twenty or more stations were used for the largest

zones. The numbers given- in the following tables represent the range

of values observed at the sample stations within each zone.

(1) Temperature

. The mean dail' maxirr.um temperature for the-warmest

month includes the range of values observed among the sample
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stations jr. the warmest month of the year, regardless of which

month it was. Similarly.. the numbers under mean daily minimum

- temperature j ,de .... .....the ,ng6 of valuess obs.Vcd for the co,,e.'

mnonth.'- The probable'AbsolUte maximum and minimum temperatures

are the exteemes observed an,.'where within the zone during the

period of record. Since the periods of record vary from n. ypar

or two up to fifty years, these extreme values are indicative only of

what migl•t possible be encountered.

(2) Precipitation

The values given for mean monthly precipitation in the wettest

and driest months are the ranges. (in inches) of the mean: precipitation

amount measured at the sample stations within the zones. Extreme

values are not gLven; however, they usually approximate'one-half

and double the mean v.alues. The wettest month is not necessarily

the same month at all stations within the zone. Similarly, the

driest month may vary among stations. The range of values given

for each zone, when considered in relation to zone si-:e, is an indi-

cation of the degree of homogeneity of the climate within that zone.

The range may also reflect differences in. elevation or exposure of

the obbtrving points. Data available on the mean number of days

with precipitation do not all refer to 0.01 inches; therefore, it was
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necessary to adjust the number on the basis of other .3nformation.

Although the ,-crn ; ui±lrb of days ubualiy refers to the same

months as does the mean precipitation amounts, they do differ ;ai

some stations. The figure given for maximum probable twenty..

four hour precipitalion usually refers to the maximum observed

at any of the sample stations within the zone during the period of

.record. Accordingly. it is an indication of rainfall intensity over

short periods. In a very few cases it was necessary to estimate

the probable values on the basis of info.-rmation from adjacent

zones. In other cases, where the reported twenty-four hour

maximum obviously referred to rainfall from hurricanes. the

fig-are for the next highest month was used. No value is ýgiven

wherenone was reported by any station in the zone and no basis

existed for making a reasonable estimate.

(3) Wind Speeds

The lour columns in this division present estimated ranges

of the probable percentages of time that speeds exceed ten knots

and thirty-three knots during the windiest and calmest nmonths.

Many complicating factors affect the accuracy of these estimates.

Measured wind speed is influenced strongly by terrain features,

vegetation cover, exposure of the measuring instrument, and
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many other factors. Data on wind speeds are extremely sparse

in many parts of the world. Methods of summamrzing and pre-.

-senting the data vary from cnountry to untrand in many cascs

among the services within the country; hence it has been necessary

to adjust their data to the brea.k points we have used, i.e.., ten

knots and thirty-three knots. All of these factors make .it difficult

to arrive at reliable estimates for these columns. These data

provide rough estimates of ranges of speeds over entire zones

and may not include extreme values occurring in small localities.

(4) Relative Humidity

Treatment of the range of mean relative humiditie's is some-

what different than that of the other parameters. For e xample,

in the data under dampest month, one figure refers To the lowest

mean value, usually for midday, reported by any station within

the zo-, and the other figure refers to the highest value, usually

early morning, reported by any station, usually not the same one..

In some zones, the month may not even be the same for, all stations.

The value of the figures in these columns lies in their indication

of the dryness or dampness of the climate and of thcir seasunal

variations.
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(5) Fog on Coast

This column refers to Bailey's Coastal Chmates of the

(20) -"

World, in which he designates those coastal regions that

are frequently foggy. The "x" designates (hose coastal zones

in which dense fog occurs either 20 per cent of the time during

at least one month, 15 per cent of the time during a season of

three months, or 10 per cent of the time on an annual basis. He

defines dense fog as restricting visibility to less than 1, ID0

yards. Few figures were available on the frequency of occur-

rence of fog restricting visibility to the more significant figure

of one hundred yards or less, and it was not possible to classify

zones on such a basis. No similar classification of continental

zones was available. However., areas experiencing substantial

amounts of fog are generally of much smaller extent than the

zones used in this study.

(6) Thunderstorms

The range of the mean annual number of days on which

thunderstorms were reported at/or in the vicinity of the sample

stations is given in this column. The wide range reported for

some zones reflects the range of strong local influences and the

degree of homogeneity of the zone.
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(7) Sand and Dust Storms

Very few data are available on frequency of sand and dust

storms. All cases reported occurred in the arid or semi-arid

regions from which few data are available. Hence these figures

serve only as a rough approximation of the real conditions. It
is entirely possible that sand or dust storms occur in regions

not ifiicated in this table. The fact that such storms occurred

at all within the zone serves as an indication of the unbonded

dusty or sandy nature of the surface.

OCEANOGRAPHIC DATA

The only known comprehensive presentation of climate over the

oceans is that contained in the Marine Climatic Atlas of the World 15)

(10018)
and related documents, prepared by the U.S. Navy'Hydrographic

Office and the U.S. Weather Bureau. Because these documents are

available to readers of this report, and because of the nature and volume

of this material, no attempt is made to reproduce it here., Data on sea

conditions are also contained within these documents, as well as in

references 26, 28 and 29.

All these data are summarized in Chapter I of the report (Volume I).

tVt
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APPENDIXB -

NATURAL ENVIRONMENT OF CONTINENTAL AREAS

This appendix contains the background data for overland operations

of Ground Effect Machines. These data represent some of the essential

Sparameters of military geography, with particular emphasis on the

elements affecting GEMs. The elements tabulated in Tables B- 1 through

B-7, and their classifications have been discussed in Chapter"i (Volume I),

together with summaries of the data.

Assembly and classification of military geography data for over-

land operations on a world-wide basis is a task of major proportions.

Some areas, such as Western Europe and the United States, are covered

by a multitude of geographic data. Other areas, such as central Asia

and Eastern-Africa, have been mapped and studied only on a very general

basis. Even for the areas wjith complete coverage, geographic elements

have commonly been discussed in descriptive terms unsuited for numerical

classification or determination of vehicle (system) design andperformance

requirements.

The published sections of the National Intelligence Survey series

have provided, for the first time, coordinated material on military

CONFIDENTIAL
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geographic elements. In particular, the Sections 21 and 24 of the NIS

series covering Military Geographic Regions and Military Topography

* i•rhsve providd lr y compr.ble da•. a with
S.. . .. .. 6•j ...d A... .aa , . 3-honrr44:1nurnerical. factors,

on the primary military geographic elements for large areas. of the

world.

These NTIS data have been used for the published areas.; In some

of these areas, the data are not as complete as desired, but considered

to be the best available. Areas of the world not covered by NIS have

been analyzed in terms of many other data sources. These sources

. have included the Department of Engineer Intelligence of the Army Map

Service; the Military Geology Branich of the Department of the Interior;

,the facilities of the National Geographic Society, and numerous corn-

mercial atlases and geography texts. A few special study reports on

specific areas*,were obtained through the Armed Services Technical

* Information Agency.

Data from all these sources were assembled on a consistent

basis within the framework discussed earlier in this section. In a few

areas data are missing, and the further intensive research required

to fill in these blanks was not considered economical within the objec-

tives of the study. The following notes will assist in understanding the

form of data presentation.

CONFIDENTIAL
J .'.. ,
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(1) The geographic data are tabulated in terms of politi.cal
units. Occasionaliy, several political units situated 4n

a single geographic: ar•a are considered together, as for
example, Norway arid Sweden. In a very few cases,
large political units, e.g., U.S.S.R..,4;rc divided into
several subareas for convenience of presentation. Political
units are arranged by continents, with the further break-

down of Eurasia into Europe without U.S.S.R., U.S.S.R.;
and Asia without U.S.S.R., as discussed in Chapter 1,

(2) Political units are divided into climate zones on the basis

discussed in Chapter I, Section 2, (Volume I), 'to

facilitate coordination of all the climatic and environmental

data for a given area. Since the climate zones tend to have

some degree of homogeneity, this breakdown provides a

better.indication of the predominant characteristics in a

given area. Where a numerical or descriptive data element

applies to the combination of two or more climate zones

within a political unit, it is indicated by brackets or a

vertical arrow ,).

(3) The complete data for each area are contained on two

successive pages. The climatic correlation is given on

the first page., with the zone number and zone area repeated

on the second page for identification.

(4) Altitude distribution, slope distribution, and vegetation and

surface cover distribution are given as percentages of the

total area of the data unit. The asterisk in the altitude

disti'ibution tabulation indicates land below sea level. All

slopes are given in percentage gradient; which should not
be confused with angles given in degrees. For example,
10 per cent slope 60, 30 per cent slope - 170, 100 per

cent slope = 450.
STh....- Stream valleys indicate typical spacing between

streams, the mean water width, and the percentage of

stream mileage having steep banks (defined approximately,

as vertical and over 10 feet high, or 100 per cent slope

and greater than 15 feet high--this is not a precise number).

CONFIDENTIAL
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(6) Superscripts in the tabulation of vegetatien and Surface

cover distribution indicate the height in feet of the
' pertinent feature. For culliv•ted crops, this is usually
: the maximum height during the growij•g season.

l (7) The cross-country index, as given, is only a convenient
number for indicating the most significant obstacles to
cross-country operation. It is given iri terms of the
cross-country capshJ]ity of eonvenf.jonal tracked vehicles
with ground pressures of 12-15 psi. In each case the
percentage of unsuitable area is given• and the pmmary
cause or causes are listed.

, (8) Special features re GEMs include other:geographic features,

natural or man-made. An effort has been made to include
: pertinent numbers on size and distribution of these features.

Where not otherwise identified, drainage ditches, canals,
etc., are listed by height and width in that order, e.g.,

2 x 5 feet means 2 feet deep, 5 feet wide at surface. The
discussion of Chapters I and If (Volume I) includes most

S.... of the features listed in.the tabulation.
.

.! (9) Missing data, or data whose values are not known well
i.

enough to be usable, are indicated by question marks.

(!0) Even though the data units represent specific areas of
world land masses, the data for each data unit represent

: only the most common ranges of parameters throughout
: the unit. Any individual location may fall outside of some
Sof the ranges. Therefore these data camaot be used to

support or reject an operation at an•_particular, location.
Further study of the area in question would be required to
obtain sufficient detailed data.

CONFIDENTIAL
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CONRFDENTIAL

A PPENDIX C

NATiURAL1 I_ V NVROIN•"'ENT OF COASTAL AREAS

This appeimdix con'ains the background data for amphibious opera-

uons of Ground Effect Machines. These data represent the primary

geographical parame.fers of the coastal regions of the world, with part)c(

ular emphasis on the elements affecting GEMs.

In one important respect Appendix C differs from Appendices A

and B, covering climatic, oceanographic, and continental environment

data-- the data uised are much more of a qualitative nature. Quantitative

geographic data on coastal areas have heretofore been restricted almost

entirely to those data needed for planning conventional amphibious opera-

tions. Where these studies have not been made, coastal data are limited

to generalized landform and vegetation distributions, and brief data on

coastal stream valleys.

Every effort has been made to provide complete data coverage for

all the elements of this appendix, but in some categories, especially the

characteristics of beaches, ful' coverage would necessitate extensive field

survey. Accordingly, the data forms arc A•.lcd in to the greatest extent
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n•v;d•b.., from all the data sources used, and missing data are indicated

by a cluestionr mark or the word "unki.own. " Th"h qua•litativc, rvaluatiun of

sui.tabili.y for GEM amphibious operations includelat the botton; of the.

data sheets represents an appraisal of the data available for ,he area,

including ail background material elements. This appraisal has also been

portrayed in Figure 14 of the report (Volume I).

Data sources used for assembling the data of this appendix are the

same as those used for Appendix B. Characteristics of beaches and Land-

ing areas are given in Section 22 of the appropriate National Intelligence

Survey series.

The following notes will assist in understanding the form of data

presentation:

(1) The data are tabulated in terms of coasts of continents fronting
on the oceans and major seas. The world's mainland coasts
and major islands are included in these data, with the exception
of the North American Arctic Islands above 770 latitude. Mre
breakdown by continents and oceans is on the basis of conven-

ience and continuity rather than the strictest geographic
identity; for example, the Black Sea coasts of Romania and
Bulgaria are grouped with those of the U.S. S. R. and Turkey
and the Mediterranean Coasts of Western Asia.

Each data column represents the coastal area of a political unit
or other convenient geographic unit within the data group. For
a few political units with extensive coastlines on a given ocean,
e. g., the Arctic Coast of the U. S. S. R., varying characteristics
within the entire area are indicated by a breakdown into two or
more columns.

CONFIDENTIAL
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The coastal- climate zones ta-ken from Figi.res 1 to 7 in
Ctiapter I (Volurne 1.) represent the Bailey classi ficatioin
referred to "n Section 2 .tnO are included for better
correlation of these data with those of A!endices A and B.

(3) The total coast length includes offshore islands. The main-
land coast leugth, where avzailable, includes major gulfs and
bays, but Inot th ,inor indental-ions. These numbers, aiid
the others listed in this ap ,.end X. are given in statute miles.

(4.1 The coastal terrain represents a brief description of the
coastal landforms, and the terrain backing most of the
beaches along the coast.

(5) The data on coastal stream valleys are similar to those
included itL Appendix B, except that the qualitative notation
of steep banks has been broken down into the near coast and
inland areas, divided at about 15 to 20 miles from the
coast. Again, the definition of steep banks is not rigorous,
but generally includes banks over 10 feet and near vertical,
or over 15 feet with slopes of 50 to 100 per cent or
greater.

(6) The charactcr 01tics of beaches, where these data are avail-
able, include number of beaches, percentage over two miles
long, percentage with widths over 50 feet and over 100 feet
at high water, the maximum gradient in the high water zone
(the portion of the beach above normal high tide) the most
common beach materials, and approach obstructions, if any.

17) Maximum surf heights and tidal ranges are given in feet.
Storm conditions are not included.

,8) Coastal vegetation includes the vegetation near the coast or
backing the beaches if applicable.

9 9) The special features of coastal areas include notation of ice-
bound coasts and other particular features.

(10) -The GEM feasibility evaluation represents a qualitative
appraisal of suitability for GEM coastal operations. (See

also Figure 14%Chapter 1).. Volume I.) The percentages
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given represen. the percentages of mainland coasi length if
it is 'vcn. The following definition of the zone breakdown
has bu(en used: 4

Zone 1. Coasts suitable for GEM access inland over the
beach, or through stream valleys.

Zo... 2 G.. ./ -•os s,•,, fr. GM ý,, beaches, but
not providing easy GEM access inland,.

Zone 3. Coasts which are unsuitable for GEM amphibious
operations.

1.) A word of caution is again appropriate. The data represent
area coverage rather than point locations. Any individual
location may have characteristics differing from those of the
gene-rai -area. Therefore these data do not represent sufficient
source material to support or reject a specific operation at any
particular point.

CONFIDENTIAL
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